A 56-year-old man with primary aldosteronism and chronic renal failure undergoing hemodialysis is described.
and chronic renal failure undergoing hemodialysis is described. He complained of numbness of the extremities and showed persistent hypopotassemia in spite of anuria.
In the endocrinological examination, a very high plasma aldosterone concentration was observed, while plasma renin activity was within the normal range. From the abdominal Computed Tomography (CT), adrenal scintigraphy, and segmental venous sampling data, he was diagnosed as primary aldosteronism due to left adrenocortical adenoma. In this case, hypopotassemia could not be explained by potassium loss through the kidneys, which suggests potassium excretion in the gastrointestinal tract as the mechanism of hypopotassemia. This was clearly shown from a potassium-balance study and the results of spironolactone administration. Our report is on the first case showing hypopotassemia due to primary aldosteronism in spite of anuria. If a patient treated with maintenance dialysis should have persistent hypopotassemia, as in the present report, it is necessary to consider an association with primary aldosteronism.
Primary aldosteronism associated with chronic renal failure is rare, but some cases have been reported (Iyori et al., 1972; Miura et al., 1975; Inaba et al., 1977; Obana et al., 1978; Shimizu et al., 1978; Obana et al., 1980; Nakada et al., 1984; Ashino et al., 1988; Naruse et al., 1988 On physical examination, the patient was found to be 167cm tall and weighted 61 kg. Palpebral conjunctiva was anemic, bulbal conjunctiva was not icteric. His blood pressure in the supine position was 154/104mmHg. The pulse rate was 72 beats/min and regular. A cardiac examination disclosed a grade 3/6 holosystolic murmur at the apex which radiated to left axilla without friction rub. The liver was 2QFB palpable in the subxyphoid area. The spleen and bilateral kidneys were not palpable.
No vascular bruit was heard.
A neurological examination revealed no abnormalities. Chest roentgenogram revealed cardiomegaly with a 56% cardiothoracic ratio. The electrocardiogram showed an apparant left ventricular hypertrophy, U wave in II, III, aVF, V2 to V6 leads, and ST depression and low voltage T wave in the V5 and V6 leads. As to heart murmur, mitral regurgitation was definitely diagnosed by echocardiography. Table 1 shows the laboratory data obtained in this patient. Anemia and high values of blood urea nitrogen (BUN) and serum creatinine due to chronic renal failure were found.
In addition, hypopotassemia anda remarkably high plasma aldosterone concentration (PAC) were recognized. Plasma renin activity (PRA) was within the normal range.
Special examination for primary aldosteronism : A Computed Tomographic (CT) scan of the abdominal area revealed a spherical low density mass about 2.5cm in diameter, existing in the upper portion of the left kidney in addition to bilateral kidney cysts. A distinct increase in the CT number was not recognized even in enhanced CT (Figure 1 ). Adrenal scintigraphy with 1311-Adosterol under dexamethazone administration (4 mg/day) revealed remarkable uptake of the isotope in the area corresponding to the tumor. In the segmental venous sampling, PAC in the left renal vein showed a very high value, 2660 pg/ml (Figure 2 ). Based on these results, this patient was diagnosed definitively as primary aldosteronism due to left adrenocortical adenoma. Potassium balance study: In this case, hypopotassemia was recognized in spite of anuria.
Therefore, potassium excretion was investigated in the stools. Potassium excretion in the stools without oral potassium supplement administration was 54.4 mEq/day, which was a remarkably high value compared to normal subjects and exceeded the total dietary potassium intake. On the other hand, under spironolactone administration (75mg/day), serum potassium dropped to within the normal range and potassium excretion in the stools decreased to 44.9mEq/day (Table 2) .
Discussion
Primary aldosteronism with chronic renal failure, particularly when undergoing hemodaialysis, is rare and only 9 cases have been reported (Iyori et al., 1972; Miura et al., 1975; Inaba et al., 1977; Obana et al., 1978; Shimizu et al., 1978; Obana et al., 1980; Nakada et al., 1984; Ashino et al., 1988; Naruse et al., 1988) . Hypopotassemia is one of the most important symptoms in primary aldosteronism, and the mechanism of this hypopotassemia is recognized to be mainly caused by accerelated potassium excretion in renal distal tubules responding to excess aldosterone, whereas augmented potassium metabolism by aldosterone is also observed partly in the gastrointestinal tract, salivary glands, and sweat glands. Therefore, in these patients, the serum potassium level seems to be determined by the balance of the augmentation and the suppression of potassium excretion by excess aldosterone and renal failure, respectively. In fact, in the previously reported patients with primary aldosteronism and renal failure, the serum potassium levels were high in 1 case (Obana et al., 1978) , normal in 3 cases (Iyori et al., 1976; Nakada et al., 1984; Naruse et al., 1988) , low in 4 cases (Inaba et al., 1977; Shimizu et al., 1978; Obana et al., 1980; Ashino et al., 1988) and unknown in 1 case (Miura et al., 1975) . In a cases with hyperpotassemia, whose chronic renal failure rapidly progressed, it might be assumed that potassium accumulation due to renal failure was greater than the aldosterone induced kaliuresis.
In 3 cases with normokalemia, the effect of excess aldosterone and the grade of renal failure should be almost counter-blanced.
On the other hand, in 4 cases of hypopotassemia, the urine volume and potassium excretion Vol.36, No.5 ALDOSTERONISM IN CHRONIC RENAL FAILURE were both maintained. The patient in this study is thought to the first case of hypopotassemia observed in a patient with primary aldosteronism concomitant with anuria due to chronic renal failure.
In this case, hypopotassemia could not be attributed to the potassium loss through the kidneys, indicating potassium excretion in the gastrointestinal tract as the mechanism of hypopotassemia.
This was clarified from the potassium-balance study and the results after spironolactone administration.
PRA was within the normal range in this patient. With regard to renin status, in the 9 previously described cases, low renin, which is characteristic in primary aldosteronism, was observed only in one case (Obana et al., 1980) , normal renin in 4 cases (Iyori et al., 1976; Inaba et al., 1977; Nakada et al., 1984; Naruse et al., 1988) , high renin in 1 case (Obana et al., 1978) , and unknown in 3 cases (Miura et al., 1975; Shimizu et al., 1978; Ashino et al., 1988) . In general, it is emphasized that hypertensive vascular damage is not so progressive in primary aldosteronism (Laragh, 1973; Freiss et al., 1978) . According to Brown et al.(1976) , however, 22.8% of patients with primary aldosteronism showed vascular disturbance, suggesting that vascular damage was not so insignificant even in primary aldosteronism.
Therefore, it should be considered in primary aldosteronism associated with chronic renal failure that renin secretion is affected by a reciprocal effect, suppression by increased aldosterone secretion and stimulation by vascular damage in the kidneys.
In addition, since this patient had undergone maintenance hemodialysis, the appropriate circulating plasma volume was also related to PRA within the normal range.
In conclusion, should a patient on maintenance hemodialysis show presistent hypopotassemia, an association with primary aldosteronism should be considered.
